ABSTRACT. Objective. To evaluate the efficacy and safety of apremilast, an oral phosphodiesterase 4 inhibitor, over 52 weeks in patients with active psoriatic arthritis (PsA) despite prior treatment. Methods. Patients were randomized to placebo (n = 168), apremilast 20 mg BID (n = 168), or apremilast 30 mg BID (n = 168). Patients whose swollen and tender joint counts had not improved by ≥ 20% at Week 16 were considered nonresponders and were required to be re-randomized (1:1) to apremilast 20 mg BID or 30 mg BID if they were initially randomized to placebo, or continued their initial treatment of apremilast dose. At Week 24, all remaining patients treated with placebo were re-randomized to apremilast 20 mg BID or 30 mg BID.
Apremilast is an oral phosphodiesterase 4 inhibitor that works intracellularly to regulate inflammatory mediators 1 . The efficacy, safety, and tolerability of apremilast are being evaluated in patients with active psoriatic arthritis (PsA) in the Psoriatic Arthritis Longterm Assessment of Clinical Efficacy (PALACE) phase III clinical trial program, which is composed of 4 randomized, placebo-controlled studies with open-label extensions conducted globally. PALACE 1 assessed the efficacy and safety of apremilast 20 mg BID or 30 mg BID in patients with active PsA despite conventional disease-modifying antirheumatic drug (DMARD) and/or biologic therapy, including tumor necrosis factor blocker therapeutic failures. Results from the placebo-controlled phase of PALACE 1 have previously been reported 2 . The current report described the results from the longterm (52-week), randomized, double-blind, active treatment phase.
MATERIALS AND METHODS
Study design. PALACE 1 was a phase III, randomized, placebo-controlled study (ClinicalTrials.gov, NCT01172938). The study design and methodology of the 24-week, placebo-controlled phase have been reported elsewhere 2 . Eligible patients were randomized (1:1:1) to placebo, apremilast 20 mg BID, or apremilast 30 mg BID stratified by baseline DMARD use (yes/no). Patients whose swollen and tender joint counts had not improved by ≥ 20% at Week 16 were considered nonresponders and were required to be re-randomized (1:1) to apremilast 20 mg BID or 30 mg BID if they were initially randomized to placebo, or continued their initial treatment of apremilast dose. At Week 24, all remaining placebo patients were re-randomized to apremilast 20 mg BID or 30 mg BID.
Study population. Eligible patients included adults who had a diagnosis of PsA for 6 months or longer, who fulfilled the Classification Criteria for Psoriatic Arthritis, and upon examination, had 3 or more swollen and 3 or more tender joints, despite previous treatment with conventional DMARD and/or biologic agents. Concurrent treatment with stable doses of methotrexate (MTX; ≤ 25 mg/week), leflunomide (≤ 20 mg/day), sulfasalazine (≤ 2 g/day), or a combination was allowed, as were oral corticosteroids (prednisone ≤ 10 mg/day or equivalent for 1 mo before baseline) and nonsteroidal antiinflammatory drugs (≥ 2 weeks before baseline).
The institutional review boards of the participating medical centers approved the protocol. All patients provided written informed consent before the conduct of any study-related procedures.
Statistical analysis. Statistical analyses for the placebo-controlled period have been reported 2 . In this report, efficacy analyses for the active treatment phase included all patients exposed to apremilast from the first dose and also completing treatment through Week 52. Data as observed were summarized for each group according to the treatment assigned at randomization (baseline) or re-randomization (weeks 16 or 24). These analyses were conducted using the data available at each timepoint with no imputation for missing data. Efficacy data were summarized using descriptive statistics for the continuous variable, and counts and percentages for binary variables. Two-sided 95% CI of mean change and percent change from baseline for continuous variables, and of proportions for binary variables, were provided for each treatment group.
Safety data were analyzed among the safety population, which included all randomized patients who received ≥ 1 dose of study medication. Data were analyzed for (1) the placebo-controlled period, which included data through Week 16 for placebo patients who escaped early and data through Week 24 for all other patients, and (2) the apremilast-exposure period, which included data for all patients who received ≥ 1 dose of apremilast regardless of when apremilast was initiated. Safety outcomes were summarized descriptively, including adverse events (AE) classified using the Medical Dictionary for Drug Regulatory Activities classification system, laboratory data, and vital sign measurements.
RESULTS

Patients.
At baseline, 504 patients were randomized and 444 (88.1%) completed 24 weeks (placebo-controlled phase; Figure 1 ). At Week 24, 428 patients entered the active treatment period. Of those patients, 373 (87.1%) completed 52 weeks, including 124/168 (73.8%) initially randomized to apremilast 20 mg BID and 130/168 (77.4%) initially randomized to apremilast 30 mg BID at baseline.
Patients' demographics, disease history, and prior or concurrent therapy were comparable at baseline among treatment groups and reflective of a population with active PsA (Appendix 1) 2 . At baseline, 64.9% of patients were receiving conventional DMARD, and 54.2% were receiving MTX. Overall, 23.6% of patients had prior exposure to biologic agents and 9.3% had therapeutic failure to biologic therapy. Efficacy. At Week 16, a significantly greater proportion of patients receiving apremilast 20 mg BID (30.4%, p = 0.0166) or 30 mg BID (38.1%, p = 0.0001) achieved a modified American College of Rheumatology 20 (ACR20) response compared with placebo (19.0%) 2 . Among the patients who continued receiving treatment with apremilast through Week 52, rates of ACR20 response were sustained over 52 weeks (Figure 2) . At Week 52, 63.0% of patients who received apremilast 20 mg BID from baseline and 54.6% who received 30 mg BID achieved an ACR20 (Table  1) . ACR50 and ACR70 responses were observed in 24.8% and 15.4% of patients receiving apremilast 20 mg BID and 24.6% and 13.8% of patients receiving apremilast 30 mg BID, respectively (Table 1, Figure 3 ). Placebo patients who were re-randomized to apremilast at weeks 16 or 24 demonstrated results consistent with patients randomized to apremilast at baseline (Figure 2 ). Health Assessment Questionnaire-Disability Index (HAQ-DI) scores were also maintained in both apremilast groups over 52 weeks with continued treatment (Figure 4) . At Week 52, mean (SD) reductions in HAQ-DI score were -0.37 (0.48) with apremilast 20 mg BID and -0.32 (0.55) with apremilast 30 mg BID, with improvements of ≥ 0.13 observed in 60.0% and 59.8%, respectively, and improvements of ≥ 0.30 observed in 45.8% and 44.7%, respectively.
The therapeutic effect of apremilast was maintained across several other measures of efficacy through Week 52 in those patients continuing the therapy ( In patients with enthesitis and dactylitis at baseline who received apremilast continuously through Week 52, the median percent change from baseline in Maastricht Anky-losing Spondylitis Enthesitis Score (MASES) at Week 52 was 100% with apremilast 20 mg BID and 66.7% with apremilast 30 mg BID, and a MASES score of 0 was observed in 50.7% (35/69) of patients receiving apremilast 20 mg BID and 38.2% (34/89) receiving apremilast 30 mg BID at Week 52. The median percent change in dactylitis count was 100% in patients receiving apremilast 20 mg BID or 30 mg BID from baseline, and a dactylitis score of 0 was observed in 68.8% (33/48) of patients receiving apremilast 20 mg BID and 63.3% (31/49) receiving apremilast 30 mg BID from baseline.
Among patients initially randomized to apremilast at baseline who had a psoriasis body surface area ≥ 3% and were followed through Week 52 (n = 121), a 50% reduction from the baseline Psoriasis Area and Severity Index (PASI) score was observed in 52.8% of patients receiving apremilast 20 mg BID and 60.3% receiving apremilast 30 mg BID at Week 52; a 75% reduction from baseline PASI score was observed in 24.5% of patients receiving apremilast 20 mg BID and 36.8% receiving apremilast 30 mg BID (Table 1) .
Across the 52-week apremilast-exposure period, patients initially randomized to placebo and then re-randomized to apremilast at weeks 16 or 24 demonstrated results consistent with patients randomized to apremilast at baseline (Table 1) , although no placebo group was available for comparison. Safety and tolerability. During the placebo-controlled period (weeks 0 to 24), exposure to apremilast was 57.0 (placebo), 72.0 (apremilast 20 mg BID), and 70.9 (apremilast 30 mg BID) patient-years (total number of yrs exposed to study medication for all patients). During the apremilast-exposure period (weeks 0 to 52), exposure to apremilast was 185.6 (20 mg BID) and 185.5 (30 mg BID) patient-years. Table 2 provides an overview of AE during the 24-week placebo-controlled and 52-week apremilast-exposure periods. Most AE occurred during the first 24 weeks, in which about 50% of placebo patients and about 60% of patients treated with apremilast reported ≥ 1 AE. AE occurring in ≥ 5% of any treatment group were diarrhea, nausea, headache, upper respiratory tract infection, and nasopharyngitis ( Table 2 ). The nature, incidence, and severity of AE were comparable over the 24-week and 52-week periods. Most AE (> 90%) were mild to moderate in severity, and discontinuation rates because of AE (weeks 0 to 52) were < 10% (Table 2) .
In patients receiving apremilast, diarrhea and nausea were most often reported during the first 2 weeks of treatment and usually resolved in 4 weeks without medicinal intervention and despite continued treatment. Overall, < 2% of patients who received apremilast discontinued because of diarrhea or nausea through 52 weeks. In patients receiving apremilast over 52 weeks, new reports of diarrhea and nausea were rare between weeks 24 and 52 with either dose (20 mg BID: diarrhea n = 2, nausea n = 5; 30 mg BID: diarrhea n = 3, nausea n = 2). No cases of diarrhea were reported as a serious AE (SAE) up to Week 52. One SAE of nausea was reported in a patient receiving apremilast 30 mg BID during the placebo-controlled phase. No additional SAE of nausea were reported up to Week 52. SAE occurred infrequently during both treatment periods, and the incidence was comparable across treatment groups (Table 2) . No individual SAE was reported by > 1 patient per treatment group during the 52-week treatment period, with the exception of acute myocardial infarction, which was reported in 2 male patients receiving apremilast 20 mg BID. One patient experienced an acute myocardial infarction on Study Day 231. He received placebo in the placebo-controlled phase, followed by apremilast 20 mg BID for 62 days. The other patient received apremilast 20 mg BID for 39 days and experienced an acute myocardial infarction on Study Day 39. Both acute myocardial infarctions were considered possible major adverse cardiac events and occurred in patients who had a history of hyperlipidemia and smoking. In addition, these 2 patients reported either a familial history of coronary artery disease or fatal myocardial infarction, respectively; neither acute myocardial infarction was considered related to study treatment. Among patients receiving apremilast from baseline, 5 SAE occurred during weeks 24 to 52 (endometriosis and appendicitis in 1 patient each with apremilast 20 mg BID; gastroenteritis, myocardial infarction, and osteoarthritis in 1 patient each with apremilast 30 mg BID). Of the 5 infections reported as SAE during the 52-week period, 2 occurred during the first 24 weeks (1 case each of pneumonia and gastrointestinal clostridial infection with apremilast 30 mg BID), and 3 were reported after Week 24 (pneumonia and appendicitis in 1 patient each receiving apremilast 20 mg BID, and gastroenteritis in 1 patient receiving apremilast 30 mg BID). Only the gastrointestinal clostridial infection and 2 cases of pneumonia were considered to be treatment-related. All patients with serious infections recovered after standard courses of antibiotic treatment. The patient with clostridial infection discontinued from the study because of the event. The patient with pneumonia receiving apremilast 30 mg BID during the placebo-controlled period had treatment interrupted, but remained in the study. In the remaining patients, no action with study medication was taken. One skin malignancy (squamous cell carcinoma) was identified during the 52-week period. No cases of lymphoma, de novo tuberculosis, or tuberculosis reactivations were reported for the 52-week period. Six patients discontinued because of SAE (weeks 0 to 52): 2 placebo patients (abnormal thinking and prostate cancer), 1 patient receiving apremilast 20 mg BID (acute myocardial infarction), and 3 patients receiving apremilast 30 mg BID (deep vein thrombosis and acute hypotension, hypertensive crisis, and gastrointestinal clostridial infection). One death occurred on Day 73 (placebo-controlled phase) in a 52-year-old woman receiving apremilast 20 mg BID plus MTX. The primary cause of death was multiorgan failure secondary to preexisting Vitamin B 12 deficiency and was considered unrelated to study medication by the investigator. No other deaths were reported.
Marked laboratory abnormalities, as well as shifts outside the normal range, were infrequent ( or 2 patients experiencing marked increases in alanine aminotransferase (n = 2, apremilast 30 mg BID) or creatinine (n = 1, apremilast 20 mg BID), or marked decreases in hemoglobin (n = 2, apremilast 30 mg BID). Marked abnormal liver function tests or reports of AE related to liver function test abnormalities were infrequent and asymptomatic, resolved despite continuation of apremilast, and at times were caused by alternative etiology (e.g., concomitant viral gastroenteritis or concomitant medication known to cause liver function test elevation). No marked abnormalities in leukocytes, neutrophils, or platelets were reported. Weight decrease was reported as an AE in a small proportion of patients: 0.0% (placebo), 1.8% (apremilast 20 mg BID), and 1.8% (apremilast 30 mg BID) during the placebo-controlled period, and 1.6% (apremilast 20 mg BID) and 2.0% (apremilast 30 mg BID) during the apremilast-exposure period. Additional weight-change analyses were conducted using observed weight measurements collected prospectively at selected study visits. At Week 52, the mean change in weight from baseline was -0.91 kg with apremilast 20 mg BID and -1.79 kg with apremilast 30 mg BID. The majority of patients maintained their weight within 5% of baseline. Weight loss > 5% was observed in 15.8% of patients receiving apremilast 20 mg BID and 17.2% receiving apremilast 30 mg BID.
DISCUSSION
PsA is a serious chronic immune disease requiring longterm treatment 3, 4, 5, 6, 7 . Successes achieved with currently available agents have raised the bar such that the goal for treatment is as low a state of disease activity as possible for all patients. Because conventional DMARD and biologic agents are not effective or tolerated in all patients, additional therapies are indicated 8, 9, 10, 11, 12, 13 . Based on shorter-term data, apremilast showed the potential to offer patients with active PsA an additional treatment option.
The current report demonstrated that, in patients continuously treated with apremilast, response to treatment was maintained for up to 52 weeks across efficacy variables, including measures of disease activity, physical function, associated psoriasis, health-related quality of life, and fatigue. In patients with enthesitis or dactylitis at baseline who received active treatment through 52 weeks, apremilast demonstrated improvements from baseline in enthesitis and dactylitis at Week 52.
Apremilast demonstrated an acceptable safety profile following up to 52 weeks of administration at either dose and continued to be generally well tolerated. The safety profile was similar to that observed in the placebo-controlled phase, with no notable changes in the nature, incidence, or severity of AE, SAE, or AE leading to discontinuation following longterm treatment after Week 24. The incidences of diarrhea and nausea were generally highest during the first 2 weeks of dosing, with the majority resolving within 1 month despite continued therapy and without medical intervention. Individual, markedly abnormal values were reported infrequently and were limited to isolated (single values) excursions outside the normal range, and did not indicate a need for routine laboratory monitoring with apremilast administration.
These observed, longer-term findings may be limited in that the efficacy results can be biased because patients not responding to treatment are most likely to discontinue the study. The 52-week analyses included only those patients remaining in the trial, with no imputation for missing data. In this 52-week study, 6.8% of patients randomized to apremilast at baseline discontinued because of lack of efficacy, and 8.0% discontinued because of AE. Treatment compliance was > 96% during the period 0 to 24 weeks and 24 to 52 weeks. Another limitation is the lack of placebo arm extension beyond Week 24. Although typical of longterm clinical trial followup, without the inclusion of a placebo during weeks 24 to 52, it may be difficult to assess whether patients would have improved on their own given the natural resolution of PsA episodic flares that may occur over time. 
